. Utilizing these data we provide first, a test of the polymorphism hypothesis based on pairwise similarity scores from molecular sequences of 2 independent DNA regions and second, examine putative evolutionary relationships of the taxa based upon cladistic analysis of the sequence data.
MATERIALS AND METHODS

Specimens
Adult nematodes were obtained from hosts experimentally infected at Beltsville or collected elsewhere from naturally infected hosts, quick frozen and shipped to Beltsville for identification (Table I) . Specimens were identified to species using characteristics of spicules, copulatory bursa, genital cone, esophagus and synlophe (males) or characteristics of the ovejectors, tail, esophagus and synlophe (females) (Durette-Desset, 1982; Lichtenfels and Hoberg, 1993; Lichtenfels et al., 1994). 
Polymerase chain reaction (PCR) amplification and cloning
Genomic DNA was isolated by proteinase K-sodium dodecyl sulfate (SDS) digestion from a pooled sample of adult parasites as previously described (Dame et al., 1987 ) without prior homogenization. The COX-1 gene was enzymatically amplified using evolutionarily conserved Fasciola hepatica-derived primers 239 (5'AAAGGAATTC'Tl"I"I'T"'GG-GCATCCTGAGGTTTAT) and 240 (5'ATTGGATCCTAAAGAAAG-AACATAATGAAAATG) (Garey and Wolstenholme, 1989) to which EcoRI and BamHI restriction sites (underlined) had been added, respectively. The data presented represent partial COX-1 sequence information. The sequence encoding ITS-1 was amplified from genomic DNA using primers 241 (5'AAAGGAATTCAAGTCGTAACAAGG-TTTCCGTAGG) and 242 (5'ATTGGATCCAACAACCCTGAACCA-GACGTAC) that also contain EcoRI and BamHI restriction sites (underlined) for cloning. The primers are complementary to the 3' end of the ssrRNA and the 3' end of the 5.8S rRNA, respectively. Amplification was performed in a 100-JLI reaction mixture containing 50 mM KC1, 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl2, 10 nmol each deoxynucleotide triphosphate, 0.2 FM of each primer, and 2.5 U of Taq DNA polymerase for 35 cycles as follows: 1 min at 94 C, 1 min at 55 C, and 2 min at 72 C, followed by a final 7 min at 72 C extension. PCR products were restriction enzyme-digested with EcoRI and BamHI, agarose gel purified, and ligated overnight to similarly digested pUC18 plasmid DNA in the presence of T4 DNA ligase. The next day, recombinant plasmids were used to transform electrocompetent DH5a bacterial cells. For each sequence, 2 clones were picked, verified for correctness, and independently sequenced using universal forward and reverse pUC primers.
Sequence analysis
Sequence analysis was performed using SequenaseTM (Table II ) and the COX-1 data (Table III ). Due to the high level of synonymous base changes and polymorphic sites observed in the COX-1 sequences, the DNA data were analyzed without modification (Table III) , by eliminating the third base of the amino acid codon (Table  III) and as predicted amino acid sequences (not shown).
Relationships among all parasite groups presented herein were analyzed by maximum parsimony with PAUP 3.1 (Swofford, 1993) . Polarity was determined with reference to the haemonchine outgroup (H. contortus and H. placei), the putative sister-group for the Ostertagiinae, based on phylogenetic analysis and comparative morphology . Characters were equally weighted and an exhaustive search was conducted. Unambiguous gaps were treated as a fifth character. Bootstrap resampling with 1,000 replicates was performed to examine relative support for clades recovered in the respective analyses. Results are shown as phylogenetic trees with accompanying descriptive statistics including the consistency index (CI), homoplasy index (HI), retention index (RI), and rescaled consistency index (RC) as defined by Swofford (1993) . Results from bootstrap analyses are shown as a 50% majority-rule consensus tree.
RESULTS
Pairwise similarity scores
Enzymatic amplification of the ITS-1 rDNA generated 2 distinct size fragments within this group of parasites. The ITS-1 rDNA for 0. ostertagia and 0. lyrata was approximately 1,000 base pairs (bp), whereas the homologous sequence in all other trichostrongyles was only 600 bp (approximate). This size difference was the result of a 408-bp insertion within the O.ostertagi and 0. lyrata genomes (data not shown).
The ITS-1 rDNA data ( Fig. 1) (Table II) .
When the COX-1 gene was similarly amplified using F. hepatica-derived COX-1 primers, a single fragment was produced for all taxa examined that was approximately 450 bp in size. The aligned region of the COX-1 gene was 393 bp in length and contained 33 polymorphic bases within 28 polymorphic sites among all 6 taxa (Fig. 2) . All polymorphic sites occurred within the third base positions of amino acid codons. Pairwise similarity scores (Table III) (Fig. 3) was well supported and identical to the single most parsimonious tree.
Because of the high level of polymorphic sites and synonymous base changes within this gene, parsimony analysis of the COX-1 DNA sequences did not fully resolve relationships among the 6 taxa. Parsimony analyses using all base pair sites, the first 2 bases of amino acid codons only, or predicted amino acids (data not shown) were all unresolved. Congruence among the analyses was limited to support of monophyly for the Ostertagiinae where 0. mossi and 0. dikmansi were consistently A..A........T........G..A..Y...........T....................R...  G..A..A........G...........A.. Morphological characters representative of the taxa as well as the ITS-1 sequence repeat of 0. ostertagilO. lyrata were mapped onto the single most parsimonious tree generated from ITS-1 rDNA data (Fig. 4) . Phylogenetic groupings inferred from recent morphological analyses are supported by the ITS-1 rDNA-based consensus tree.
DISCUSSION
We have analyzed sequence data from the ITS-1 and the mtDNA-derived COX-1 gene in order to first test the hypothesis of polymorphism for 0. ostertagilO. lyrata and 0. mossi/lO. dikmansi and second to infer phylogenetic relationships of the Ostertagiinae studied herein. Although a subfamily analysis requires the study of more taxa than included in this study, the examination of nuclear DNA sequences for 6 nominal species of the Ostertagiinae including species from cervids and bovids has, nonetheless, provided a preliminary opportunity to assess putative phylogenetic relationships among these species and compare newly generated genetic data.
Pairwise similarity scores
Mitochondrial DNA sequence data, though believed to be more informative in generating gene trees congruent with species trees for recent speciation events (Moore 1995), produced essentially unresolved trees in this case. This occurred regardless of the sequence basis for the analysis. Presumably, this resulted from the high numbers of synonymous base changes observed within and between species. This is supported by work performed by Blouin et al. (1992 Blouin et al. ( , 1995 and by Tarrant et al. (1992) who demonstrated high sequence variability between mtDNA from individual 0. ostertagi as well as other trichostrongylids both within and between populations. Pairwise sequence divergence between mtDNA for H. contortus and H. placei, for example, was 14.4%, whereas the predicted amino acid data demonstrated a substantially smaller sequence divergence of 3.1%. A similar pattern was observed throughout the matrix. Given that only 7 ambiguous sites were identified within all the ITS-1 rDNA sequences analyzed, and all the polymorphic sites in the mtDNA sequences were observed within the third base of the amino acid codons, we concluded that the divergence seen within the mtDNA data was not an artifact of PCR amplification.
The identical sequences for 0. mossilO. dikmansi and the nearly identical sequences for 0. ostertagilO. lyrata in the ITS-1 rDNA repeat strongly support the concept of dimorphic species. The minor differences between 0. ostertagi and 0. lyrata, compared to those seen between other ostertagine species in this study, may be attributed to the different geographical and experimental sources of these specimens. Those of 0. lyrata were an experimental strain from Europe that had been selected over several generations to increase the percentage of the minor morphotype males in the population. These data in conjunction with population studies performed by Blouin et al. (1992 Blouin et al. ( , 1995 and isolate differences investigated by Stevenson et al. (1996) suggest that the similarity scores are representative of interspecific variation and not substantially influenced by diversities among worm populations. These data further support the work of Stevenson et al. (1996) showing strong similarities among morphotypes of polymorphic species; however, care must be taken when using only sequence data to imply species status.
Phylogenetic relationships
Monophyly for this group of Ostertagiinae was supported by the analysis of both ITS-1 and COX-1 sequence data sets. In the fully resolved ITS-1 tree, Teladorsagia is the sister-group for Ostertagia spp. and the concept of dimorphic species that was supported by pairwise similarity scores for 0. ostertagi/lO. lyrata and 0. mossilO. dikmansi is not refuted.
Results of the current study, though lacking the broader context of ostertagiine diversity (e.g., Durette-Desset, 1982 Gibbons and Khalil, 1982; Jansen, 1989; Dr6zdz, 1995) , support monophyly of the subfamily, relative to the Haemonchinae . In a limited manner, the phylogenetic tree for this restricted group of Ostertagia spp. and Teladorsagia can be used to examine hypotheses for character polarity and evolution, particularly for the synlophe, bursa and genital cone (e.g., Hoberg et al., 1993; Hoberg and Lichtenfels, 1994 ) and for host-association (e.g., Dr6zdz, 1967). As a result, we have mapped and optimized morphological characters onto We previously presented data (Zarlenga, Stringfellow, and Lichtenfels, 1994; Zarlenga, Stringfellow, Nobary, and Lichtenfels, 1994) indicating that the ssrDNA sequence will likely be uninformative for phylogenetic inference among this group of parasites because of the lack of sufficient diversity within the gene. It is equally possible that mtDNA sequence data will be uninformative in resolving phylogenetic issues within this genus given the high level of sequence polymorphism within this molecule. Though it may be argued that the mitochondrial-derived COX-1 sequence is inappropriate for this investigation, or that a larger mitochondrial-derived data set is necessary for a more thorough analysis, prior studies suggest that the level of polymorphism within this molecule is ubiquitous and that this polymorphism exists at the level of individual parasites. Thus, one might expect a similar level of unresolved sequence characters within other regions of this mtDNA as well. Nonetheless, the pairwise similarity scores presented herein strongly support and offer yet another level of resolution to the hypothesis for male dimorphism in the single species represented by 0. ostertagi/O. lyrata and 0. mossi/O. dikmansi. On the other hand, the application of additional genetic data to the phylogenetic analyses of the Ostertagiinae is necessary to more completely delineate issues such as character evolution, the basis for recognition and differentiation of generic-level taxa, and the history of host-parasite associations. It remains questionable whether mtDNA will provide the additional data source to resolve these issues.
